IMPORTANCE It is unknown whether hospital transfer rates for patients with acute myocardial infarction admitted to nonprocedure hospitals (facilities that do not provide catheterization) vary and whether these rates further influence revascularization rates, length of stay, and mortality.
tions, patients at lower risk are more likely to be transferred to procedure facilities to receive cardiac invasive treatment. 8, 9 Additionally, the likelihood that a patient will be transferred by a nonprocedure hospital may depend on nonclinical factors, such as proximity to procedure hospitals and staff capacity, as well as institutional policies at the nonprocedure hospital. This hospital-level variation in the transfer process for patients with acute myocardial infarction may have profound implications for patients and hospital performance for this condition. We know little, however, about hospital variation in the use of the transfer process to procedure hospitals for patients with acute myocardial infarction. Moreover, if there is substantial variation across hospitals, it is unknown whether the variation has led to differences in the use of hospital resources, length of stay, and outcomes. Therefore, we examined hospital variation in transfer rates among patients with acute myocardial infarction who were initially admitted to nonprocedure hospitals in the United States. We sought to determine whether differences in patient characteristics could explain these variations and to evaluate the association of transfer rates with total length of stay, use of invasive cardiac procedures, and short-and long-term mortality rates.
Methods

Source of Data
We used Medicare claims records as the data source. Part A claims contain data on each hospitalization for Medicare feefor-service enrollees and include demographic information, principal and secondary International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) diagnosis codes, and procedure codes. Part B physician carrier claims contain data on each visit to a physician's office and include diagnosis and procedure codes. Hospitals with the capacity to perform cardiac catheterization were those that had performed at least 1 cardiac catheterization during the study period. The Yale University institutional review board approved this study.
Patient Sample
We selected patients aged 65 years or older who were discharged between January 1, 2006, and December 31, 2008 , with a principal diagnosis of acute myocardial infarction. The diagnosis was determined by ICD-9-CM codes 410.xx except for 410.x2 (N = 685 980).
We excluded patients who were admitted to procedure hospitals (n = 503 556), those who left the hospital against medical advice (n = 2548), and those who were discharged alive with a total length of stay of 1 day (n = 29 354) because these individuals would be unlikely to have had an acute myocardial infarction. For patients with multiple admissions for acute myocardial infarction (n = 27 751), we randomly selected 1 admission per calendar year to avoid survival bias. The same approach is used by the Centers for Medicare & Medicaid Services to determine 30-day risk-standardized mortality rate. 10 To avoid doublecounting mortality, we excluded admissions that were not the first admission within 30 days before the date of death (n = 75). We excluded patients who had invalid death data (n = 57) and those admitted to hospitals that had 25 or fewer cases of acute myocardial infarction during the 3-year period (n = 15 965). In addition, we excluded patients who were admitted to hospice within 1 year of the index admission (n = 5025) because survival was not the goal of their treatment. We excluded patients who were transferred from another hospital (n = 53 932) because we were evaluating the episode of care and attributing the admission to the initial hospital. Finally, we excluded hospitals located in territories of the United States (n = 561). 11 There were 630 018 cases that met 1 or more of our exclusion criteria, leaving a final cohort of 55 962 cases at 901 hospitals in the 50 states and District of Columbia.
Transfer Rate
Transfer status was assigned to hospitalizations in which the discharge date from the nonprocedure hospital was the same as or 1 day less than the admitting date at the receiving hospital. We calculated the distance traveled by the patient during the transfer process as the difference between the 5-digit zip code centroids of the admitting and receiving hospitals.
Outcomes Measures
Length of Stay Length of stay was defined as the total period of hospitalization. For transferred patients, length of stay represented the time, in days, from the date of admission to the first hospital to the date of discharge from the transfer hospital.
Cardiac Procedures
We evaluated the rates of use of coronary catheterization, percutaneous coronary intervention, and coronary artery bypass graft surgery during 3 time periods: the index hospitalization, which encompasses the length of stay at both hospitals in cases of transfer; within 60 days after the index admission date; and from hospital discharge to 60 days after the index admission date. We identified coronary catheterization (ICD-9-CM procedure codes 88.55-88.57), percutaneous coronary intervention (ICD-9-CM procedure codes 36.01-36.07, 36.09, or 00.66), and coronary artery bypass graft surgery (ICD-9-CM procedure code 36.1x).
Mortality
We linked data from Medicare Provider Analysis and Review files with the Medicare enrollment database using unique patient identifiers. Mortality outcomes were defined using the admission date and death date.
Hospital Characteristics
We obtained hospital characteristics from 870 hospitals that participated in the 2008 American Hospital Association Survey (http://www.opeiu391.org/pdf/american-hospital -association-survey-2008/). For categorization, we defined safety-net hospitals as described elsewhere. 12 We classified hospitals according to census regions and core-based statistical areas, which use level of urbanization (metropolitan, micropolitan, and rural) to define the categories.
Statistical Analysis
We categorized hospitals into approximate quartiles according to the level of the observed proportion of patients transferred during the 3-year study period (transfer rate): low (≤20%), mid-low (>20%-30%), mid-high (>30%-40%), and high (>40%). Transfer rates were subsequently risk standardized to account for variation in patient characteristics across hospitals. We developed and calculated the hospital risk-standardized transfer rates using 2-level hierarchical logistic regression models that account for patient age, sex, and 25 clinical characteristics. A risk-standardized transfer rate represents the ratio of a hospital's predicted transfer rate to the expected transfer rate of an average hospital that cares for patients with similar clinical risk profiles, multiplied by the mean transfer rate of the study cohort. Thus, we calculated the risk-standardized transfer rate using the analytical approach and variables used in the risk-standardized 30-day mortality measure developed for the Centers for Medicare & Medicaid Services. 10 We compared hospital characteristics across the 4 transfer groups, including bed size, location, ownership (government, private not-for-profit, and nonprivate for-profit), teaching status, core-based statistical area, and safety-net status. We used χ 2 tests for categorical variables and analysis of variance for continuous variables. We used analysis of variance and weights to compare total length of stay and rates of procedure use (cardiac catheterization, percutaneous coronary intervention, and coronary artery bypass graft surgery) and to compare 30-day and 1-year risk-standardized mortality rates across the 4 transfer groups. Because risk-standardized mortality rates are estimates rather than observable measurements, we weighted each rate by the inverse of its standard error. Finally, we assessed the correlation of hospital transfer rate with the 30-day and 1-year risk-standardized mortality rates. We calculated the risk models using a hierarchical logistic regression model adjusted for age, sex, and clinical characteristics using the same variables included in the riskstandardization measures developed for the Centers for Medicare & Medicaid Services. 10 Using the regression coefficients from these risk models, we calculated the riskstandardized mortality rates for each hospital. The riskstandardized mortality rate accounts for differences in case mix across hospitals and enables performance comparison between hospitals. Given that patient characteristics could explain the variation in transfer rates from nonprocedure hospitals, we performed a secondary analysis using the riskstandardized transfer rates to account for differences in case mix that could have influenced the hospitals' propensity to transfer patients. All statistical testing was 2-sided at a significance level of .05. The study statistician (Y.W.) conducted the analyses using commercial software (SAS, version 9.2; SAS Institute Inc; and Stata, version 10.0; Stata Corp Inc).
Results
Patient and Hospital Characteristics
We evaluated 55 962 patients admitted to 901 nonprocedure hospitals. Of these, 10 767 patients were admitted to 189 low-transfer hospitals, 18 870 were admitted to 277 mid-lowtransfer hospitals, 16 829 were admitted to 263 mid-hightransfer hospitals, and 9496 were admitted to 172 hightransfer hospitals. Patients initially admitted to the nonprocedure hospitals with higher transfer rates were younger, more likely to be male, and less likely than those admitted to low-transfer hospitals to have had conditions such as previous acute myocardial infarction, valvular or rheumatic heart disease, heart failure, stroke, renal failure, dementia/senility, and chronic obstructive pulmonary disease ( Table 1) .
The mean (SD) number of beds in our sample was 99.6 (77.7); 22.2% of the institutions were public and 95.7% were nonteaching. Low-transfer hospitals were smaller than hightransfer hospitals. Although hospitals with the highest propensity to transfer were located in the South Atlantic and Mountain regions, we found no specific geographic pattern ( Table 2 and Figure 1 ).
Transfer Process, Transfer Rates, and Risk-Standardized Transfer Rates
The median hospital transfer rate was 29.4% (interquartile range [IQR] [25th-75th percentile], 21.8%-37.8%), ranging from zero to 81.3%. The median risk-standardized transfer rate was 29.8% (IQR, 25.9%-33.9%), ranging from 9.0% to 59.8% ( Figure 2) . The median interhospital transfer distance traveled by patients was 33.4 miles (IQR, 17.9-53.1 miles) and was longer for higher-transfer hospitals ( Table 3) .
Length of Stay
The median hospital length of stay, including the days in the receiving hospital for transferred patients, was 5.0 days (IQR, 4.0-5.0 days). This variable was similar across the nonprocedure hospitals' categories of transfer rates (Table 3) .
Invasive Cardiac Procedures
The mean rates of cardiac catheterization, percutaneous coronary intervention, and coronary artery bypass graft surgery during the index hospitalization were 25.2% [11.3%] (Table 3) .
Risk-Standardized Mortality Rates
The mean hospital 30-day and 1-year risk-standardized mortality rates were 22.1% (2.4%) and 43.5% (2.3%), respectively. 
Discussion
We found marked variations in transfer rates after admission to nonprocedure hospitals for acute myocardial infarction. Patients admitted to hospitals with higher transfer rates had substantially higher rates of cardiac catheterization, percutaneous coronary intervention, and coronary artery bypass graft surgery. However, compared with hospitals with low transfer rates, those with higher transfer rates had risk-standardized mortality rates that were not significantly different at 30 days, the period during which a difference would be most expected. There was a small difference at 1 year, which is a measure that may be influenced by many factors beyond the hospitalization. Overall, these findings fail to provide strong evidence that hospitals with high transfer rates achieve better clinical outcomes. The extensive variability among transfer rates suggests that clinical needs have not been a primary driver of this process of care. In general, among patients admitted to nonprocedure hospitals, mortality rates are higher for patients who are not transferred compared with patients who are transferred, 7 and nonprocedure hospitals have the poorest performance for acute myocardial infarction.
13 As a result, in an attempt to fa- tion for transfer suggests a risk paradox practice. Moreover, little is known about the implications of rates of transfer practiced by nonprocedure hospitals for their performance. We anticipated that hospitals with higher rates of both transfer and invasive procedures should have notably better riskstandardized mortality rates. However, this was not the case. It may be that interhospital transfer of patients with acute myocardial infarction is a complex process that depends on other key processes, including the proper selection of patients at the right time, to be translated into a net benefit. 14 We did not study transfers from the emergency department, which involves different issues. Several reasons may be hypothesized to explain the lack of meaningful association between transfer rates and mortal- ity despite higher transfer rates being associated with more revascularization procedures. First, the evidence of superiority of a more intensive strategy for high-risk patients with acute myocardial infarction was documented in clinical trials, and the efficacy of this strategy for mortality rates has not been definitively confirmed outside the setting of ST-elevation myocardial infarction. [15] [16] [17] [18] [19] [20] Additionally, although it is generally accepted that the higher the risk, the greater the benefit, this has not been tested in the very elderly population. Nevertheless, assuming that the higher risk of adverse outcomes results in greater benefit, patients with the highest risk would be more likely to benefit from invasive therapies. However, they are not the most likely to be referred for cardiac catheterization in the real-world setting. [7] [8] [9] 21, 22 Moreover, it has been shown 9,23 that patients with less likelihood of benefitting from transfer and revascularization are more likely to be transferred. In our study, patients with acute myocardial infarction who were admitted to high-transfer hospitals had lower expected 30-day and 1-year mortality rates than did patients admitted to lowtransfer hospitals, further suggesting a risk paradox practice. Second, the median hospital transfer rate in our study was 29.4%. It is possible that a higher transfer rate is necessary to realize better results for patients. Our data were limited with regard to testing this hypothesis, as less than 10% of the hospitals had transfer rates above 50%. Considering the high risk of our patient population and the rates of cardiac catheterization for these patients when invasive procedures are available, 24,25 it may be posited that an early invasive strategy for patients with acute myocardial infarction was underused even in high-transfer nonprocedure hospitals. How- 4 (17.9-53.1) 29.2 (16.3-51.4) 29.0 (15.9-45.5) 35.6 (19.4-55.4) 41.7 (23.3-65.4 Risk-standardized mortality rate, % Third, some procedure hospitals perform worse with respect to 30-day risk-standardized mortality compared with some nonprocedure hospitals.
13 Therefore, transferring patients from nonprocedure to procedure hospitals does not guarantee that they will receive better health care or achieve better outcomes.
13,30
Our results offer important insights for policymakers and researchers. Our data and those from other studies 6, 31 illustrate the complexity surrounding the standardization of transfer practice at the hospital level, further suggesting the importance of scrutinizing the effectiveness of this process to improve institutional outcomes. 32 The absence of a meaningful benefit of high hospital transfer rates to hospital riskstandardized mortality rates does not necessarily imply that transfer is ineffective for any particular patients. At the margin, higher transfer rates in this study were not associated with substantially better outcomes. 33 We observed that hospitals that tend to transfer more patients do not achieve better outcomes. We interpret this finding as suggesting that as currently implemented, at the margin, more transfers are not producing substantially more benefit. Some limitations must be highlighted in the interpretation of our study. The study did not focus on patients who were transferred directly from the emergency department, so we cannot comment on the association of that practice with outcomes. All patients in this study were initially admitted to a nonprocedure hospital, and most were transferred after the second day of admission. Moreover, by using Medicare claims data, we were not able to evaluate these associations according to myocardial infarction subtype, severity of acute myocardial infarction, or physical and cognitive function, which may influence outcomes. Nevertheless, the administrative claims risk model produces estimates of hospital risk-standardized mortality that are reasonable surrogates for models using clinical data. 10, 34, 35 Also, potential benefits promoted by higher use of revascularization procedures for quality of life and on recurrent acute myocardial infarction, which could be particularly relevant to elderly patients, were not measured. Finally, these data reflect outcomes among elderly patients with acute myocardial infarction; generalizability to younger populations is therefore unknown. The large variation in transfer rates across hospitals in the United States suggests a highly discretionary process that appears to take into account many patient factors, including frailty and comorbidity. The likelihood that a patient admitted to a nonprocedure hospital will be transferred depends to a large extent on the hospital to which the patient is admitted. Moreover, admission to hospitals that have higher rates of transfer is associated with a much greater likelihood of a revascularization procedure, especially during the hospitalization, with risk-standardized mortality rates that are not meaningfully better. In the absence of better empirical data and practical limitations to conducting experimental studies addressing this topic, given current levels of performance, our observational study suggests that promoting late transfer of patients admitted with acute myocardial infarction as a single intervention is unlikely to improve hospital outcomes. The implementation of this strategy may be creating the difference between the expected result and what is being achieved. More research is needed to understand how to optimize decisions about transfer and the ensuing outcomes.
